Abstract With minimally invasive technique becoming more popular, endoscopic operations such as arthroscopy or laparoscopy have become the standard of care in several other areas. In this study, we evaluated the 5-year followup outcomes of anterior cervical (Ahn et al. in Photomed Laser Surg 23:362-368, 2005) discectomy and interbody fusion (ACDF) performed via endoscopic approach. Sixtyseven patients who underwent anterior cervical discectomy and cage fusion performed using endoscopic technique were followed for at least 5 years. We reviewed the clinical and radiographic records of these patients. The postoperative radiographic measures accessed were the anterior intervertebral height (AIH) and the lordosis angle (LDA). Clinical outcomes were determined using the previously validated Japanese Orthopaedic Association (JOA) and the pain visual analog scale (VAS). Patients included had a minimal follow-up period of 5 years and based on the outcomes criteria (JOA, VAS), 86.6% of patients reported excellent or good results. The AIH increased on average 18.7% of the original height (p \ 0.01), and the LDA were more physiologic at final follow-up. Of the 67 cases, there was no segmental instability, and the bone fusion rate was 100%. One patient required revision open ACDF due to adjacent segment disc herniation 6 years postoperatively. There were no intraoperative complications, dysphasia or esophageal injury in this study group. It indicated endoscopic technique for ACDF can obtain satisfactory results in patients with cervical disc herniation, cervical myelopathy, or radiculopathy. Compared with a traditional approach, this technique may be associated with less morbidity while improving cosmesis and postoperative recovery. Prospective randomized control trials are needed to directly compare these two procedures.
Introduction
Cervical spondylotic myelopathy (CSM) is a common cause of neurologic morbidity and can substantially decrease quality of life [10, 18] . Due to the progressive stepwise neurologic deterioration, in most of these patients operative intervention is often warranted. Since its introduction in the 1950s, anterior cervical discectomy and interbody fusion (ACDF) has become a well-accepted surgical treatment for symptomatic cervical spondylosis. It is usually described as a safe and sufficient operation with reported fusion rates [17, 20] . Despite well-documented success, complications such as dysphasia, hematoma, recurrent laryngeal nerve palsy and esophageal perforation have been reported in the literature. With minimally invasive technique becoming more popular, endoscopic operations such as arthroscopy or laparoscopy have become the standard of care in several other areas.
Utilization of endoscopic technique is not new to spine surgery. Lumbar disc herniation can be treated with the full endoscopic technique and many authors have reported excellent clinical outcomes [6, 13, 21] . Fontanella described an endoscopic microsurgical technique for treating herniated cervical discs and obtained promising clinical outcomes [8] . However, anterior cervical discectomy alone results in segmental kyphosis and postoperative axial pain [7] . In order to explore the feasibility of ACDF using a endoscopic technique, our department treated 76 patients with cervical disorders by this technique since 2000. In this study, we report our experiences and medium-term results about this cohort data.
Materials and methods

Patient demographics
Between January 2000 and January 2004, 76 patients with a mean age of 50.3 years (range 35-67 years, 43 M/33 F), underwent endoscopic ACDF for cervical disc herniation. Patients were followed for at least 5 years. A total of nine patients were lost to follow up. Thus, 67 patients were included in this study. All patients included in this study had single level myelopathy, radiculopathy or myeloradiculopathy that failed conservative treatment. The preoperative neurologic presentation included myelopathy in 21 patients (31%), radiculopathy in 35 patients (52%), and myeloradiculopathy in 11 patients (17%). Localization of the disc requiring surgery was determined based on neurologic and radiologic findings. The operated level was C3-C4 in 4 patients, C4-C5 in 28 patients, C5-C6 in 30 patients, and C6-C7 in 5 patients.
Outcomes assessment
Clinical outcomes were accessed used previously validated measures. The visual analog scale (VAS) was used for evaluating the degree of local neck pain and radiculopathic pain in the arm or shoulder. The neurologic status was assessed using the Japanese Orthopedic Association (JOA) scoring system. The improvement rate (IR) was calculated as IR = (postoperative JOA score -preoperative JOA score)/(17 -preoperative JOA score) 9 100%. The anterior intervertebral height (AIH) of the involved interbody space and lordosis angle (LDA) were measured on the lateral radiographs. Cervical fusion was evaluated as complete if no radiolucent gap or evident motion between the two adjacent vertebral bodies demonstrated on the flexion-extension images or if the endplates had disappeared in both adjacent vertebral bodies and the two vertebral bodies formed a block [19] .
Surgical technique
Under general anesthetic with tracheal intubation, patients were placed in the supine position with neck slightly extended. The cervical spine was exposed through a standard left side anterior approach. The segment to be operated was confirmed by intraoperative C-arm radiography. A small transverse incision deep to the platysma was made at the target level on the left side. Subplatysmal structures were dissected bluntly using the index finger. Pushing the trachea or larynx toward the opposite side with the index and middle fingers, the surgeon then slipped the fingers inside towards the front of the vertebral body until the prominence of the anterior edge of the disc to be treated was felt, while the carotid was held laterally. Endoscopic dilators were introduced sequentially under fluoroscopic control between the carotid artery and the esophagus (Fig. 1a) , by the time the last dilator was placed, the muscles were stretched to an opening roughly the size of a nickel. Over the last dilator, a working channel (2 cm in diameter) was positioned; this circular retractor holds back the muscles and the dilators were removed. The retractor was held in place by a mechanical flexible arm attached to the operating table. After confirming the correct level with the aid of the C-arm, the endoscope system (DragonCrown, Shandong Province, China) was installed (Fig. 1b) . The anulus fibrosus of the involved disc was incised using a microknife device, then the nucleus pulposus and the Fig. 1 Intraoperative endoscopic views. a Endoscopic dilators were introduced sequentially between the carotid artery and the esophagus. b Working channel was set up under fluoroscopic control. c The anterior osteophyte of vertebral bodies adjacent to the disc was removed endoscopically by a small kerrsion. d Endoscopic view after removal of intervertebral disc endplate were removed using a set of microforceps and small curettes. The anterior osteophyte of vertebral bodies adjacent to the disc needed to be removed by a long-stem drill or small kerrsion. The excision of the posterior osteophyte or area of OPLL by using a small curette was essential for complete neural decompression (Fig. 1c, d ). The special lamellar curettes were used not only to remove the cartilage endplates but also to enlarge the intervertebral space. The intervertebral space was irrigated with saline solution in order to clear away the remaining fragment. Manual cervical traction was also used to enlarge the interbody space. The manual traction was performed as follows: The patient's head was pushed a little up by an anesthetics while his two arms were pulled down by a nurse. Several templates were tried before a proper carbon fiber reinforced polymer (CFRP) cage (Depuy, USA) was selected. Once the correct size was determined the CRFP cage was selected and filled with autogenic iliac crest bone graft prior to definitive placement. The wound was closed in standard fashion with the placement of a same drain.
Statistical analysis
The paired sample t test was used for JOA, VAS, AIH and LDA before and after operation. The result was considered significant if the p value was \0.05.
Results
All endoscopic surgeries were completed without changing to open procedures. The mean operation time was 107 min (range 88-160). There was no measurable blood loss. There were no operation-related complications, persistent dysphasia or esophageal injury reported. All patients were followed up of a minimum of 5 years (5-8 years).
Clinical results
Excluding one patient revised by means of open ACDF because of adjacent segment disc herniation after 6 years postoperatively, the other patients suffered no recurrence of symptoms at the last follow-up. According to the improvement rate (IR) criteria [11] 38 patients (56.7%) reported excellent results, 20 (29.9%) reported good results, while 6 (9.0%) and 3 (4.4%) patients reported fair and poor results, respectively. There was significant improvement in all JOA, VAS neck, and VAS arm scores following surgery as illustrated in Table 1 (p \ 0.01). There is a constant and significant (p \ 0.01) improvement in arm pain and activities of daily living following surgery (Fig. 2) .
Radiographic findings
At 6 months postoperatively, bony fusion was achieved in 61 (91.1%) patients and at 1 year postoperatively, solid fusion was observed in all patients. No anterior or posterior migration of the CRFP cage was noted during the entire follow-up period. AIH of disc was significantly great than before surgery and the compression on spinal cord was disappeared on MRI image postoperatively. But, with increasing time, AIH slightly decreased when compared with that measured immediately after operation (Fig. 3) . Subsidence of CRFP cage was observed in four (6.0%) patients. The sagittal alignment of the cervical spine was evaluated with the LDA. Prior to surgery, 10 patients (14.9%) were lordotic (LDA [0°), 31 patients (46.3%) were straight (LDA [0°), and 26 patients (38.8%) were kyphotic (LDA \0°). Immediately after surgery, lordosis was preserved in all patients. However, at the final followup, 42 patients (62.7%) were lordotic, 19 patients (28.4%) were neutral, and 6 patients (8.9%) had mean kyphotic alignment ( Table 2) . 
Discussion
Anterior cervical discectomy and interbody fusion has been supported in the literature as an effective treatment of cervical disc degenerative disorders, with advantages of this procedure including direct decompression of spinal cord and nerve roots, immediate stability of involved segments, restoration of cervical lordosis and intervertebral height [2, 9] . The tricortical iliac autograft has often been used as bone graft in interbody fusion after anterior intervertebral decompression with high fusion rates, but it has often been reported to have donor site complications [5, 19] . The use of stand-alone cages for ACDF has been increasing in popularity recently, as these cages may attain fusion rates comparable to tricortical iliac crest grafts in single level disorder without the associated morbidity of bone graft harvest [4, 14, 16] . Anterior cervical discectomy and interbody fusion has had very favorable outcomes in the treatment of single and multilevel cervical spondylosis. However, complications such as dysphasia, hematoma, recurrent laryngeal nerve palsy and esophageal perforation have been documented in the literature [15] . Over the past decade, minimally invasive treatment of spinal disorders has become popular with the application of endoscopic technologies, such as thoracoendoscopy and lumbar microendoscopic discectomy (MED). These approaches to spinal problems preserve healthy tissues, shorten hospital stays, cause less postoperative pain consequently enabling faster patient recovery [3, 12, 22] . This technology and its clinical success have led to similar minimally invasive approaches to the cervical spine.
Endoscopic ACDF may be considered a good alternative to the traditional open ACDF for treating cervical disc herniations and single level spondylosis. Authors have reported satisfactory clinical outcomes utilizing this minimally invasive percutaneous endoscopic technique with cervical discectomy [1] . One noted drawback to the utilization of this endoscopic technique is limited visibility, which can restrict the use of certain implants such as fusion cages and other fixation devices. In order to explore the feasibility of endoscopic ACDF, we used a 2 cm diameter port, which allowed inspection of relevant anatomy while also provided sufficient exposure for discectomy and insertion of a fusion cage. Besides, utilization of a 2 cm working channel allows passage of the surgical tools such as microforceps and drill, as well as the fusion devices. Secondly, the resolution and clearness of endoscopic vision is improved, we can explore the intradiscal and epidural anatomy in detail. In this study, All patients were undergone endoscopic ACDF successfully, and the patients got the satisfactory clinical and radiographical outcomes following endoscopic decompression and fusion with excellent or good subjective improvement in 86.6% of patients following surgery. Similar subjective improvement has been reported with ACDF following a traditional open surgical approach [12] . This suggests endoscopic cervical anterior discectomy and fusion is feasible and possible with an improvement of this already successful procedure. Theoretically speaking, utilization of endoscopic technique e X-ray image shows satisfactory bone fusion but the cervical lordosis disappeared at the last follow-up (7 years after surgery) Table 2 The mean values of radiological parameters measured before surgery, immediately after surgery, and at the last follow-up for cervical surgery may have many potential advantages, which include rapid rehabilitation and less morbidity associate with this procedure. We acknowledged the limitations of this study, which include the lack of analyze of the laboratory findings, postoperative MRI data and a control group to assess these benefits. So we could not draw the benefits from the current study directly.
In this study, we only selected the patients with single level disc herniation, and the patient selection with a mean age of 50.3 years, no patient with severe spondylosis was included in our group. Because there is a steep learning curve for surgeons using the endoscopic technique, at the stage of exploring feasibility of this technique, we worry about the possibility of difficulties in distracting intervertebral space in severely degenerative patients. The seriously narrowed space for manipulation is restricted. On the other hand, although the patients look like a young population, which potentially could be candidates for cervical artificial disc replacement (ADR), they had not been performed ADR with the endoscopic technique. These considerations may explain this issue. The ADR was an emerging technique and not so popular at the beginning of this study. It needs standard and rigorous surgical procedure and should be performed by surgeons who have received special training even for open approach. Finally, no traction devices could be used in the endoscopic procedure.
A potential challenge with the use of minimal invasive technique is the control of intra-operative bleeding, which often occurs from the anterior vertebral arteriola, the surrounding venous plexus or from the dura mater of the posterior vertebral canal and surrounding cancellous bone. In this study, hemostasis was achieved utilizing the following methods; (1) lavaging the surgical field with cool saline of 4°C, or using 1,500,000 adrenalin saline if necessary; (2) saline soaked cotton-piece can be inserted into the wound for 3-5 min, with the help of suction when needed. This method is adoptable when cool saline does not work alone; (3) gelatin sponge with or without prothrombin can be put into the bleeding field. Lastly, when a hemorrhage is unmanageable, a conversion to an open surgery is required immediately.
In conclusion, endoscopic ACDF with a 2 cm port appears to be a safe and potentially advantageous augmentation to this already successful procedure. High-resolution working channel endoscope allows us to remove the herniated disc while minimize the trauma to surrounding soft tissues. This may reduce the associated morbidity of this procedure, improve patient satisfaction, and decrease overall costs of this surgical treatment. Randomized blinded control trials are need in order to compare endoscopic versus traditional ACDF to substantiate these claims.
